In-vehicle technologies may decrease crash risk in drivers with age-related declines. Researchers determined the impact of in-vehicle information systems (IVIS) or advanced driving assistance systems (ADAS) on driving. Through a scoping review, the effect of IVIS or ADAS on older drivers' convenience (i.e., meets one's needs), comfort (i.e., physical or psychological ease), or safety (i.e., absence of errors or crashes) was examined. Researchers synopsized findings from 28 studies, including driving simulators and on-road environments. Findings indicated that IVIS or ADAS enhanced safety and mitigated age-related declines. Notably, IVIS may reduce cognitive workload, but may jeopardize safety if the systems are overly complicated. The ADAS enhanced safety and comfort by increasing speed control, lane maintenance, and braking responses. However, no studies addressed convenience. In-vehicle technologies may enhance safety and comfort while driving, if one's cognitive workload is not compromised. Naturalistic studies are needed to elucidate the risks and benefits of IVIS and ADAS for older drivers.
Introduction
By 2020, 40 million (18%) U.S. license holders will be above age 65 (Murdock, Cline, Zey, Perez, & Jeanty, 2015) , representing a 50% increase in older drivers in two decades (Federal Highway Administration, 2016) . In 2015, over 6,800 U.S. older drivers died and more than 260,000 received ER (emergency room) treatment due to motor vehicle crashes (MVCs). Although older drivers' increased risk for MVC injury or death stems from age-related declines (i.e., slowed reaction time and/or diminished physical ability), they are the second most prevalent MVC-involved group in North America (Federal Highway Administration, 2016 ). Yet, mobility afforded by driving is associated with life satisfaction, quality of life, autonomy, and well-being (Dickerson et al., 2017; Musselwhite, 2011) . Comparatively, driving cessation is associated with poor health trajectories, including increased depression rates, limited life-space mobility, and premature death (Edwards, Lunsman, Perkins, Rebok, & Roth, 2009; Fonda, Wallace, & Herzog, 2001; Marottoli et al., 2000) . As the older adult population increases, mitigation of crash-related injuries and/or deaths is key.
Although highly autonomous vehicles have potential to enhance older drivers' mobility and prevent crashes, they may not be available for use for another decade or more (National Highway Traffic Safety Administration, 2017) . However, invehicle automation technologies, including in-vehicle information systems (IVIS) and advanced driver assistance systems (ADAS), may enhance older drivers' convenience, comfort, and safety while reducing crash risk. IVIS, for example, lane departure warning, provide warnings to drivers about surrounding road conditions, but do not assume functions of the driving task (Wilschut, 2009) . Advanced driver assistance systems are integrated systems that interact with drivers to assist with vehicle control in high-risk situations (Wilschut, 2009) . For example, adaptive cruise control helps maintain vehicle speed and lane position. Unfortunately, terminology describing IVIS or ADAS is not standardized across vehicle manufacturers.
This project builds on a previous collaboration between the University of Florida and AAA-the Smart Features for Older Drivers project. Prior work led to a published checklist classifying vehicles by their potential benefits to overcome age-related declines. For example, limited upper body range of motion, diminished vision, and cognitive decline were matched to potentially beneficial vehicle features. Smart Features for Older Drivers version 3 will address such age-related declines, but match those to IVIS and/or ADAS of 2019 vehicles. Consistent with versions 1 and 2 of Smart Features for Older Drivers (2007 and 2011) , version 3 examines the impact of smart technologies on safety, comfort, and convenience. The literature on IVIS and/or ADAS is not summarized in evidence-based reviews. Therefore, the objective of this study is to examine the impact of these technologies on older adults' driving via a scoping review. The research question asks as follows:
Research Question 1: Based on the English literature, what is the impact, that is, convenience, comfort, and safety, of IVIS and/or ADAS on the driving task of adults 65 years of age or older?
A preliminary review by the University of Florida Institutional Review Board (IRB) indicated a scoping review did not fall under their purview.
Method

Design
A scoping review was selected because it precedes a systematic literature review that rates study quality and makes evidence-based recommendations (Classen & Alvarez, 2015) . This review incorporated four phases: identifying the review question and inclusion criteria using Population, Interventions, Comparators, Outcomes, and Study Design (PICOS) framework (University of York, Centre for Reviews and Dissemination, 2009); search strategy development and literature search; study selection and data extraction; and documenting study results and implications. Figure 1 illustrates the design, PICOS framework, and search strategy.
Protocol and Registration
The methodology was guided by the PRISMA-P 2015 Checklist and the Joanna Briggs Institute (JBI) Reviewer's Manual (JBI, 2015) . As of August 4, 2017, there were no registrations pertaining to the topic of interest in either the JBI Database of Systematic Reviews and Implementation Reports or the International Prospective Register of Systematic Reviews (PROSPERO). This study's protocol was not registered in adherence to PROSPERO's guidelines (University of York, Centre for Reviews and Dissemination, n.d.).
Inclusion and Exclusion Criteria
Studies eligible for inclusion met the PICOS criteria outlined below (University of York, Centre for Reviews and Dissemination, 2009).
Population. Studies must have included older drivers, 65 years of age or older.
Interventions. Interventions addressed IVIS or ADAS within on-road or simulator contexts. Motor vehicles included fourwheel automobiles, but excluded two-wheel, off-road, and commercial vehicles. The IVIS and ADAS functionalities were defined through the Society of Automotive Engineers's (SAE) terminology and taxonomy (SAE International, 2014) .
Comparators. No comparators were included.
Outcomes. Outcomes pertained to IVIS or ADAS impacts on comfort, convenience, and/or safety of the driving task. Comfort is the use of IVIS and/or ADAS to physically or psychologically ease the driving task; Convenience is the use of IVIS and/or ADAS to assist in the fulfillment of a driver's needs, activities, and plans, while involving little effort; Safety is the use of IVIS and/or ADAS to aid in the absence of near misses, driving errors, violations, or crashes (National Highway Traffic Safety Administration, 2013).
Study design. Studies included experimental designs, that is, randomized control trials (RCTs), quasi-experimental studies, systematic reviews, and meta-analyses addressing the efficacy or effectiveness of IVIS or ADAS. Efficacy pertained to outcomes achieved through an RCT under "ideal conditions" (Greenhalgh, 1997) , while effectiveness was defined as demonstrable "beneficial effect" and "lack of harm" (The Joanna Briggs Institute, 2017) . This review excluded concept or opinion papers, policy/ legislation literature, and studies that did not capture the driver's driving experience (i.e., being a passenger in an autonomous shuttle).
Search Strategy and Information Sources
A health sciences librarian devised the search strategy using PICOS inclusion criteria. Preliminary searching occurred through PubMed and Web of Science. Following team input, the initial search strategy was revised and peer-reviewed by a second librarian. The librarian used truncation and phrasesearching, limiters (English language and 2007-2017 publication years), and relevant subject headings (CINAHL Headings, MeSH, Transportation Research Index Terms) 
Study Selection
The team exported database search (n = 740) and handsearch (n = 8) results to Endnote Web. After removing duplicates, 509 articles remained.
Data Collection and Data Management
Five team members, in blinded dyad pairs, completed the study title and abstract screening (n = 509) and full-text reviews (n = 59) using a standardized data extraction tool in Excel (Chee et al., 2017) . The data extraction tool identified literature types; use of IVIS and/or ADAS intervention; impact of IVIS, positive or negative; impact of ADAS, positive or negative; main outcomes; and study limitations. Due to the nature of a scoping review, team members did not critically appraise included studies. The first author oversaw the reviews and resolved incongruences. During meetings, team members addressed challenges and refined/revised data extraction.
Data Analysis
Data were exported to SPSS version 24 (IBM Corp., 2016) . The team examined interrater reliability via Cohen's kappa coefficient, with a criterion score of ≥80% (Portney & Watkins, 2015) .
Risk of bias.
The team attempted to mitigate bias (Cooper, 2017) . To control for selection bias, a health sciences librarian conducted the literature search. The search encompassed 16 databases, to moderate publication bias. Reviewers completed training and used a standardized data extraction tool (Chee et al., 2017) to mitigate unreliability of coding. Sufficient time to complete screening limited fatigue or practice effects and controlled for rater drift. Blinding the team during reviews controlled for performance bias. Interrater Source. We adapted the procedure of study identification and selection as outlined by the PRISMA flow diagram (Moher, Liberati, Tetzlaff, Altman, & PRISMA Group, 2009) . Note. PICOS framework: Population (older drivers, 65 years and older); Interventions (use of IVIS and/or ADAS in a driving simulator or on-road); Comparators (not included); Outcomes (impacts of IVIS or ADAS on comfort, convenience, and/or safety of the driving task); Study Designs (included experimental designs, systematic reviews, and meta-analyses). See Inclusion and Exclusion Criteria for study inclusion/exclusion rationale, and Search Strategy and Information Sources for database searches. IVIS = in-vehicle information systems; ADAS = advanced driving assistance systems. reliability quantified rater congruence for the title and abstract screening, and full-text extraction.
Results
Study Selection
Reviewers excluded 450 studies not meeting study criteria during the title and abstract screening (Figure 1 ). Of the 59 studies for full-text screening, reviewers excluded 31 studies that did not demonstrate IVIS and/or ADAS impacts on the driving task. Twenty-eight studies underwent data extraction ( Figure 1 ), with interrater reliability ratings ranging from 67% to 100% and with 100% consensus after team discussion. Sample sizes ranged from 11 to 257 participants. Studies were conducted in nine countries including the United States (n = 14) (Aksan et al., 2017; Aksan et al., 2015; Becic, Manser, Drucker, & Donath, 2013; Brown, He, Roe, & Schnell, 2010; Kidd & Buonarosa, 2017; Kramer, Cassavaugh, Horrey, Becic, & Mayhugh, 2007; Lester et al., 2015; D. C. Marshall, Wallace, Torner, & Birt-Leeds, 2010 , 2011 Mok, Johns, Gowda, Sibi, & Ju, 2016; Oh, Ko, & Ji, 2016; Reimer, Mehler, & Coughlin, 2016; Strayer, Cooper, Turrill, Coleman, & Hopman, 2016; Sullivan, Tsimhoni, & Bogard, 2008) , Netherlands (n = 4) (Davidse, Hagenzieker, van Wolffelaar, & Brouwer, 2009; Dotzauer, Caljouw, de Waard, & Brouwer, 2013 , Germany (n = 3) (Gelau, Sirek, & Dahmen-Zimmer, 2011; Haberstroh, Klingender, Ramakers, & Henning, 2010; Kazazi, Winkler, & Vollrath, 2015) , Japan (n = 2) (Hibino, Note. Due to some articles evaluating more than one IVIS feature or outcomes, numbers listed under IVIS outcomes do not equate to 24. Within our included articles, convenience was not presented in any findings for the use of IVIS, thus are not included in the figure. IVIS = in-vehicle information systems; AMS = audible message system; CAS = collision avoidance system; ISA = intelligent speed adaptation; IVWS = intersection violation warning system; NVES = night vision enhancement system; HUD = head-up display; IVICAS = in-vehicle intersection crossing assist system; TGA = time gap assist through head-up display; VICS = vehicle information and communication system; GPS = automotive navigation system/global positioning system; LDW = lane departure warning; FCW = forward collision warning; CSW = curve speed warning; LCW = lane change warning; VAIS = voice activated information system. Superscript identifier indicates studies as follows: 1 Sullivan, Tsimhoni, & Bogard, 2008;  24 Yi, Lee, Parsons, & Falkmer, 2014. Kobayashi, Daimon, & Oda, 2013; Saito & Raksincharoensak, 2016) , Canada (n = 1) (Caird, Chisholm, & Lockhart, 2008) , United Kingdom (n = 1) (Guo, Blythe, Edwards, Pavkova, & Brennan, 2015) , France (n = 1) (Bruyas & Simões, 2010) , Australia (n = 1) (Yi, Lee, Parsons, & Falkmer, 2014) , and Czech Republic (n = 1) (Novotny & Bouchner, 2011) .
Study Demographics
Findings per the PICOS Framework
Population. Driver ages ranged across studies from 60 to 90 years. Only two studies focused on IVIS for drivers with medically at-risk conditions, that is, Parkinson's disease or mild Alzheimer's disease (Yi et al., 2014) .
Interventions and outcomes. Use of IVIS in a driving simulator. Intervention: Twenty studies indicated mixed results when utilizing IVIS in a driving simulator. Outcomes: IVIS contributed to the safety of the driving task (Figure 2) . However, when using IVIS (i.e., collision avoidance system) older (vs. younger) drivers exhibited slower reaction times under the same conditions, likely attributed to age-related declines (Kramer et al., 2007) .
As the complexity of information presented to older drivers increased, the perceived benefits of IVIS on the driving task decreased (Hibino et al., 2013; Novotny & Bouchner, 2011; Oh et al., 2016) . Because visual acuity may impact an individual's ability to obtain information presented on IVIS (Hibino et al., 2013) , individually tailored auditory, tactile, or visual IVIS feedback settings are recommended Oh et al., 2016) . For example, older drivers with decreased divided attention may have difficulty perceiving the text in a head-up display (HUD), and benefit from lowering the HUD's position (Oh et al., 2016) . Older drivers with Parkinson's disease demonstrated better speed control with a HUD . Older drivers using time gap assistant performed left-turn maneuvers with shorter (2-5 s) and safer time gaps (Gelau, Sirek, & DahmenZimmer, 2011 ). In addition, some older adults did not benefit from IVIS, specifically an in-vehicle intersection crossing assist system (Becic et al., 2013; Dotzauer, Caljouw, de Waard, & Brouwer, 2013 ) and a HUD (Oh et al., 2016) . found HUD to be a safety risk when older drivers relied on displayed cues (e.g., traffic light signals), versus scanning the road. These findings must be interpreted with caution because of small (i.e., 7-78) sample sizes (Portney & Watkins, 2015) and lack of absolute validity of simulator findings to on-road comparisons (Shechtman, Classen, Awadzi, & Mann, 2009 ).
Use of IVIS on road.
Intervention: Four studies indicated mixed results with IVIS use on rural and urban roadways, Note. Haberstroh, Klingender, Ramakers, and Henning (2010) evaluated more than one ADAS feature, therefore numbers listed under ADAS features on-road do not equate to 2. Within our included articles, convenience was not presented in any findings for the use of ADAS, thus are not included in the figure. ADAS = advanced driving assistance systems; ACC = adaptive cruise control; APPS = assisted parallel parking system; AS = active steering assist; BA = brake assist; LKA = lane keeping assist. including traffic intersections, and varying times of day and weather conditions ( Figure 2 ). Outcomes: Sullivan et al. (2008) found lane departure warnings improved driving safety, as older drivers responded faster in critical situations. Kidd and Buonarosa (2017) examined forward collision warnings, but found no positive or negative impacts. Two studies showed, during secondary tasks engagement such as phone use, IVIS increased the cognitive workload and driving errors (Bruyas & Simões, 2010; Strayer et al., 2016) . No IVIS studies reported impacts on comfort or convenience.
Use of ADAS in a driving simulator. Intervention: Three studies indicated ADAS positively impact driving safety and comfort (Figure 3) . Outcomes: In Mok et al. (2016) , drivers reported increased comfort with lane keeping assist.
Adaptive cruise control improves speed control and offset collision risk (Guo et al., 2015; Saito & Raksincharoensak, 2016) . Although these findings indicate increased safety and comfort, the validity of using a simulator does not precisely represent real-world driving (i.e., ecological validity). Nonetheless, using simulators for interventions provide a safe and standardized method to test new technologies.
Use of ADAS on road.
Intervention: Two studies indicated ADAS positively impact driving safety. Outcomes: Older adults reported that brake assist, active steering assist, and assisted parallel parking kept stress levels consistent or lower compared to manually controlling the vehicle (Haberstroh et al., 2010; Reimer et al., 2016) . For example, in emergent situations, brake assist automatically activates to ensure the vehicle stops to prevent a collision (Haberstroh et al., 2010) . Likewise, an assisted parallel parking system, automatically steering the vehicle, reduced the number of times needed to back-up (Reimer et al., 2016) . No ADAS on-road studies reported the impact of comfort or convenience. Although ADAS increased driving safety (Figure 3) , great variability existed in the ADAS use conditions (i.e., type, duration, and frequency of training).
Study Design
Included studies included experimental designs, spanning from effectiveness (n = 6) (Aksan et al., 2017; Aksan et al., 2015; Bruyas & Simões, 2010; Lester et al., 2015; Strayer et al., 2016; Yi et al., 2014) , efficacy (n = 6) (Dotzauer, Improved safety Tactile and auditory warnings improved drivers' detection of pedestrians.
Brown, He, Roe, and Schnell (2010) Time gap assist through heads-up display Inconclusive Some drivers reported better driving performance whereas others did not.
Gelau, Sirek, and Dahmen-Zimmer
Voice activated information system Inconclusive Systems with a simpler, more intuitive design placed less demands on cognitive workload. Strayer, Cooper, Turrill, Coleman, and Hopman (2016) Vehicle information and communication system
Inconclusive Age-related declines may impact the ability to obtain displayed information.
Hibino, Kobayashi, Daimon, and Oda (2013) Advanced driving assistance systems Adaptive cruise control Improves safety Improved speed control in free-flow traffic conditions, built-up areas, and low speed limit areas.
Guo et al. (2015); Saito and Raksincharoensak (2016) Assisted parallel parking system Improves safety Reduced number of times needed to back-up into a parking space. Reimer, Mehler, and Coughlin (2016) Active steering assist Improves safety Assisted with maintaining lane position for older drivers.
Haberstroh, Klingender, Ramakers, and Henning (2010) Brake assist Improves safety In incidences of emergency braking, this feature improved stopping distance. Haberstroh et al. (2010) Lane keeping assist Improves safety Assisted steering to improve lane maintenance.
Mok, Johns, Gowda, Sibi, and Ju (2016) Improves comfort Older drivers felt comfortable with the vehicle preventing unintended lane departures.
Mok et al. (2016)
Note. HUD = head-up display. Gelau et al., 2011; Haberstroh et al., 2010; D. C. Marshall et al., 2011; Mok et al., 2016) , experimental (n = 4) (Becic et al., 2013; Brown et al., 2010; D. C. Marshall et al., 2010; Sullivan et al., 2008) , fidelity (n = 1) (Hibino et al., 2013) , between and within subjects (n = 1) (Davidse et al., 2009) , and repeated measures studies (n = 8) (Caird et al., 2008; Guo et al., 2015; Kramer et al., 2007; Novotny & Bouchner, 2011; Oh et al., 2016; Reimer et al., 2016; Saito & Raksincharoensak, 2016) . The intervention studies, listed above, show that IVIS and/or ADAS impact the comfort or safety of the driving task.
Discussion
The team examined findings of 28 studies (2010-2017) of older drivers (60-90 years) and the impact of IVIS and/or ADAS on the driving task. Selected IVIS, that is, HUD for forward collision warning, or ADAS-that is, brake assist for automatic brakingenhanced driving safety while mitigating age-related declines in critical situations (Caird et al., 2008; Haberstroh et al., 2010; Kramer et al., 2007; Mok et al., 2016) . Likewise, active steering or brake assist decreases appropriate stress levels (Haberstroh et al., 2010) , increases safety (Guo et al., 2015; Haberstroh et al., 2010; Reimer et al., 2016; Saito & Raksincharoensak, 2016) , and increases comfort of the driving task (Mok et al., 2016) . Moreover, GPS (global positioning system) with auditory instructions (vs. visual outputs) reduced cognitive workload for drivers with mild Alzheimer's disease (Yi et al., 2014) . However, older drivers became distracted and driving safety was compromised with use of multiple systems or complex interfaces (Bruyas & Simões, 2010; Novotny & Bouchner, 2011; Strayer et al., 2016) . As such, vehicles with IVIS and/or ADAS must be carefully selected for drivers with cognitive, sensory, or motor declines.
Implications
Practice implications. Occupational therapists are skilled to understand the impacts of IVIS (e.g., mode of transmission) or ADAS (e.g., increased cognitive workload) on the driving task of older drivers; positioned to train or educate this population adequately (Guo et al., 2015; Kramer et al., 2007) ; and to collaborate with human factor engineers to enhance design features of these technologies. Using such strategies may further enable clients to experience comfort and safety with the driving task. A plausible educator and consultant role therefore exists for occupational therapists to enhance the drivers' perception, use, and adoption of these vehicle technologies.
Use of IVIS in a driving simulator and on-road vehicles.
Intuitive IVIS may improve driving task safety. For example, collision avoidance enhanced older drivers' reaction time and as such safety (Kazazi et al., 2015; Kramer et al., 2007) . Conversely, four studies showed IVIS (i.e., HUD) to negatively impact driving safety. Specifically, when the number of IVIS utilized increased, task performance decreased, despite continued practice with these systems (Bruyas & Simões, 2010) . Therefore, client-centered IVIS training, device placement in the vehicle, and determining preferences for output mode may enhance the convenience, comfort, or safety of drivers (Brown et al., 2010; Oh et al., 2016) . Individually tailoring IVIS for older drivers provides an opportunity for occupational therapists and human factor engineers to collaborate (Classen & Brooks, 2014) .
The IVIS, including collision avoidance warning, curve speed warning, intersection violation warning, lane departure warning, and night vision enhancement, have potential to improve driving safety for older drivers. Additional research is needed on IVIS benefits and risks in naturalistic settings that are conducted in controlled environments, along with application of design guidelines, and determining clients' educational needs (S. C. Marshall, Man-Son-Hing, Charlton, Molnar, & Eby, 2013; Sullivan et al., 2008) .
Use of ADAS in a driving simulator and on-road vehicle. Adaptive cruise control, assisted parallel parking system, active steering assist, brake assist, and lane keep assist may have positive impacts on driving task safety and comfort. Such impacts are optimized when ADAS offset cognitive, visual, and/or motor deficits to enhance the driving task (Guo et al., 2015; Mok et al., 2016; Saito & Raksincharoensak, 2016) . With only two ADAS studies examining real-world driving (Figure 3) , more naturalistic studies are needed to quantify benefits for older drivers (Guo et al., 2015) . In addition, assessing how older adults' trust varies within levels of vehicle automation is an important factor for technology adoption (Reimer et al., 2016) .
Although the team aimed to examine the convenience, comfort, and safety of ADAS, included studies did not address convenience. Only one study addressed the comfort of ADAS (i.e., lane keeping assist) with older drivers (Mok et al., 2016) . Future research investigating the convenience and comfort of ADAS may contribute to further understanding the opportunities and risks these technologies provide for older drivers.
Limitations
Inconsistent terminology occurs to describe IVIS or ADAS which makes interpretation difficult. While reviewers used the SAE criteria to guide interpretation, they made assumptions for classifying the in-vehicle technology. Furthermore, although the studies described the technologies used, they did not reveal the corresponding make and model of vehicles. Such incongruences evoke confusion, and a critical need exists to standardize terminology. Because the team did not rate the level of evidence, only general recommendations for practice or research are presented. In addition, some studies that met our criteria also contained younger drivers (<65 years), as such these studies may have introduced heterogeneity.
Strengths
An expert multidisciplinary team (Classen et al., 2006) produced this scoping review using the PROSPERO, the JBI Reviewer's Manual, and PRISMA guidelines. The research team employed multiple strategies to mitigate effects of bias and an iterative process to develop search criteria, complete extraction, and present the findings.
Future Recommendations
An urgent need exists to conduct studies at the highest level of evidence such as systematic reviews of RCTs or RCTs with a narrow confidence interval (Portney & Watkins, 2015) . Future studies may yield optimal evidence when conducted in naturalistic settings, with good ecological validity, well-powered to detect safety benefits, as well as the type, duration, and frequency of training needed for successful implementation of IVIS or ADAS.
Conclusion
The study illustrates the impact of IVIS and ADAS on comfort or safety of driving task for older drivers. Positive impacts for ADAS include speed control, lane maintenance, braking responses, and decreased reaction time. Challenges of IVIS included increased cognitive workload with compromised safety on driving. The unknown impact of IVIS and/or ADAS on convenience for older drivers has implications for adoption of in-vehicle technology. This review directly benefits the development of Smart Features for Older Drivers version 3 (AAA, n.d.).
